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Dispatchesdiffers among computational objectives.
For the recognition of faces, for example,
it is hard to argue against combining the
retinal images as early as possible.
However, for determining the
three-dimensional trajectories of moving
objects from differences in image speed
between the two eyes [12,13], a precise
estimate of speed and direction must first
be derived from each eye separately and
a more leisurely pace of binocular
combination may therefore be warranted.
The transformation from retinal to
cyclopean might thus be most effective
if it occurred flexibly, at different levels in
different contexts.
The elegant work of Barendregt et al. [2]
provides a key step towards
characterizing binocular combination in
the human cerebral cortex and it will be
interesting to see whether their approach
can be extended to quantifying
binocularity in situations that impose
differing binocular demands. It would be
possible in principle to derive a
non-binary (if noisy) index of
‘cyclopeanness’ from the ratio of the
variances explained by the two models.
Perhaps, with some further thought and
experimentation, a more sophisticated
metric could be developed.
Cyclopeanness could then be assessed
for different types of stimulus. An
interesting approach would be to replaceCuthe black stimulus bar with a bar defined
only as a dynamic randomdot stereogram
[1], which requires binocular combination
for its existence and is completely
undetectable in each monocular image.
This is the ultimate, pure cyclopean
stimulus. In macaques, neurons that can
detect such stimuli are reportedly about
equally common (30%) in V1 and V2 [14];
if this is also true in humans, we would
expect a very different result with
such stimuli from that reported by
Barendregt et al. [2].
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The compaction of diffuse interphase chromatin into stable mitotic chromosomes enables the segregation of
replicated DNA to daughter cells. Two new studies characterise, both in vivo and in vitro, the essential
contribution of the vertebrate condensin complex to chromosome organisation.Chromosome condensation, the
formation of thread-like chromosomes
from interphase chromatin, is one of the
most striking and earliest-describedmorphological changes in cells entering
mitosis. As a consequence of
condensation, chromatids become
compacted into threads, are impartedlongitudinal rigidity to withstand spindle
forces, and disentangle from their sister
chromatids. However, the molecular
events accompanying this large-scale2015 Elsevier Ltd All rights reserved R663
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Figure 1. Molecular architecture of
condensin.
Condensin is composed of a core dimer of SMC
ATPases with a dimerisation hinge at one end
and a catalytic head domain at the other. The
SMC head domains engage in trans to form a
bipartite ATP binding pocket. The core dimer is
closed into a topological ring by a kleisin subunit.
Additional regulatory subunits containing HEAT
repeats bind to the kleisin and/or SMC core, and
interact only weakly with each other. For
simplicity only the canonical condensin I names
are shown.
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Dispatchesreorganisation of chromatin remain poorly
understood. Two new papers nowmake a
case for the importance of condensin in
this process in vertebrates [1,2].
The chromosomal condensin complex
is an evolutionarily conserved ring-like
assembly of proteins built on a core dimer
of the structural maintenance of
chromosomes (SMC) family of ATPases.
The amino- and carboxy-terminal
globular parts of each SMC protein
associate to form a catalytic head domain
at one end and a hinge/dimerisation
domain at the other; flexible coiled-coils
linking the head and hinge domains allow
the SMC dimer to adopt a characteristic
V-shaped appearance. The SMC dimer is
clasped into a topologically closed
configuration by a kleisin subunit, to
which other accessory subunits bind
(Figure 1). Condensin binds to chromatin
dynamically in a reaction involving
topological entrapment of DNA.
Condensin was isolated some two
decades ago as a major structural
component of mitotic chromosomes, and
proposed to be required for theirR664 Current Biology 25, R654–R676, Auguscondensation and segregation [3–7].
While the essential role of condensin in
sister chromatid disentanglement, and
therefore chromosome segregation, is
now well established, the precise nature
of its contribution to thread formation has
been the subject of some debate. On the
one hand, the obvious chromosomal
defects observed upon inactivation of
condensin subunits by immunodepletion
from Xenopus egg extracts [4], or using
temperature-sensitive yeast alleles [6,7],
suggest a major role for condensin in
compaction. On the other hand, the
relatively modest chromosomal
phenotypes following condensin
depletion by RNAi in mammalian cells [8],
or transcriptional repression in chicken
DT40 cells [9], have been used to invoke
other as yet undiscovered molecular
effectors of condensation.
Most eukaryotes possess two isoforms
of condensin, condensin I and II, which
are composed of identical SMC subunits
but differing accessory subunits. Some
eukaryotes such as fungi possess only a
single condensin isoform, the canonical
condensin I, while prokaryotic nucleoids
are structured by the condensin-like
Smc–ScpAB, MukBEF, or MksBEF
complexes. Condensin I and II display
distinct spatial localisation patterns along
chromosomes, as well as differing
subcellular compartmentalisation through
the cell cycle [10]. In HeLa cells,
condensin I is excluded from the nucleus
in interphase, binds to chromatin on
nuclear envelope breakdown, and
exchanges dynamically from chromatin
throughout mitosis; condensin II is
predominantly nuclear throughout the cell
cycle and stabilised on chromatin at the
onset of condensation in prophase [11].
Both condensin complexes contribute to
chromosome organisation, though their
differential contributions are not
completely understood.
Condensin binding has been
proposed to confer stiffness on mitotic
chromosomes in the vicinity of
centromeres, as shown by abnormally
large, uncoupled sister kinetochore
movements in HeLa and chicken DT40
cells depleted of condensin [11,12]. In
contrast, any involvement of condensin in
imparting rigidity to chromosome arms
has not been investigated. However,
micromechanical force measurements on
isolated newt and human chromosomest 3, 2015 ª2015 Elsevier Ltd All rights reservedin vitro suggest that the elastic properties
of mitotic chromosomes derive from a
chromatin network constrained by
crosslinks (conceivably condensin) rather
than any mechanically contiguous protein
scaffold [13].
Houlard et al. [1] now dissect the role
of condensin in chromatid thread
formation and chromosome rigidity during
meiotic divisions in mouse oocytes, by
expressing Cre recombinase specifically
in oocytes to delete floxed alleles of
condensin I and II kleisin subunits. During
meiosis I, spindle forces are exerted
along chromatid axes rather than
perpendicular to them as in mitosis,
serving as probes of chromosome arm
rigidity. Using this system, the authors
found that condensin II supplied the
major meiotic condensation activity and
determined the morphology of bivalent
chromosomes. Condensin II was
required for the disentanglement of
sister chromatids, as well as for the
maintenance of chromosome
structure: metaphase-arrested meiotic
bivalents assembled with a TEV
protease-cleavable (but otherwise
functional) version of condensin II kleisin
rapidly unravelled upon TEV cleavage. An
accompanying stretching of pericentric
chromatin is interpreted as support for the
idea that condensin II actively maintains
the rigidity of meiotic bivalents in
antagonism to spindle forces. These
striking visual assays confirm the vital
functions of condensin in chromosome
condensation, in particular in thread
formation and sister chromatid
disengagement, building on previous
work in various model systems including
yeast and Xenopus egg extracts
[4,6,7,14]. They also indicate a role for
condensin in maintaining the rigidity of
chromosome arms, a possibility that
would be of great interest to test directly,
for instance by micromechanical force
measurements on chromosomes partially
depleted of condensin.
In a complementary approach,
Shintomi et al. [2] revisited the original
Xenopus cell-free system from which
condensin was first isolated as a
holocomplex [4]. Using multiple rounds of
fractionation on metaphase Xenopus egg
extracts, the authors attempted to identify
a minimal set of factors that would
reconstitute mitotic chromatids in vitro.
The authors successfully identified this
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Figure 2. A stochastic model of mitotic
chromosome condensation.
Sample simulated interphase (top) and mitotic
(bottom) configurations from a biophysical model
of two adjacent 300 kb-long nucleosome chains,
constrained by stochastic pairwise interactions
between condensin binding sites (shown in red),
and tuneable by condensin dissociation probability
[17]. Both chromosome condensation and
individualisation are emergent properties of the
system. (Courtesy of Tammy Mk Cheng, The
Francis Crick Institute.)
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Dispatchesminimal set as a simple chromatin
substrate mixed with six purified factors:
core histones, three chaperones
(nucleoplasmin, Nap1 and FACT),
topoisomerase II and condensin I. Briefly,
when Xenopus sperm chromatin, which
contains abundant H3–H4 but lacks
H2A–H2B, was incubated with
amino-terminal tail-free H2B and the
embryonic H2A variant H2A.X-F, in
addition to nucleoplasmin and Nap1,
nucleosome arrays were efficiently
assembled. The activity of topoisomerase
II and condensin I in this system was
ATP-dependent, indicating an active
enzymatic process. Remarkably, the
phosphorylation of condensin I by Cdk1
was the only mitosis-specific
post-translational modification required
for chromatid reconstitution. In the
absence of condensin I, amorphous
cloud-like chromatin masses were
formed in place of recognisable
chromatids.
These two studies collectively
demonstrate that condensin is the
principal molecular effector ofCuchromosome condensation, implying
that the lack of obvious condensation
defects in chromosomes depleted of
condensin by RNAi or transcriptional
repression [8,9] should be ascribed to the
incomplete inactivation of condensin
achieved by these methods.
It is becoming increasingly clear that
chromosome condensation should be
viewed not as a hierarchical folding of
chromatin into scaffolds as often
portrayed in textbooks, but a dynamic
process in which condensin constrains a
meshwork of intramolecular interactions
between distant chromatin segments
[13,15]. While an axis-like enrichment of
condensin has been observed in fixed
chromosome preparations, live-cell
imaging of fluorescent-tagged condensin
finds no such enrichment in native
chromosomes [8,11]. Moreover,
cryo-electron microscopy and X-ray
scattering on close-to-native frozen
chromosomes also point towards a
scaffold-free organisation of irregularly
folded nucleosome fibres, constituting a
polymer melt-like structure [16].
A recently devised biophysical model of
a small budding yeast chromosome [17]
suggests that chromosome condensation
may be an emergent property of a largely
self-organising system of chains of
nucleosomes constrained by stochastic
pairwise interactions between condensin
binding sites, and the enzymatic activity
of topoisomerase II to aid strand crossing.
Chromosome individualisation arises in
this model from the intrinsically higher
probability of condensin encountering
binding sites on the same DNA molecule,
as opposed to neighbouring
chromosomes. In such a system, mitotic
regulators could modify the activity of
condensin and/or topoisomerase II,
shifting the equilibrium from a more open
configuration in interphase to a
condensed state in mitosis (Figure 2).
Moreover, small changes in condensin
binding parameters could lead to
bistability in the extent of condensation,
plausibly underlying chromatin
contraction–expansion cycles between
prophase and metaphase reported in
some measurements of mammalian
chromosome condensation [18] but not
others [19]. Whether such a model is also
sufficient to explain the condensation of
larger chromosomes remains to be
investigated, though the in vitro chromatidrrent Biology 25, R654–R676, August 3, 2015 ªreconstitution experiments of Shintomi
et al. [2] suggest that it might be. Like the
analogous case of cohesin, eukaryotic
condensin [14] and Bacillus subtilis
Smc–ScpAB [20] reportedly hold
chromatin in a topological embrace but
the precise molecular mechanisms
underlying the conversion of this embrace
into a chromatin condensation reaction by
condensin is an intriguing open question
in the field of chromosome biology.
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Ecosystems can undergo dramatic shifts from one stable state to another. While indicators of such shifts are
well known, experimental tests are few and far between. A new study on rocky shore ecosystems nowoffers a
test of warning indicators.We live in a rapidly changing world where
multiple pressures act on ecosystems at
global, regional and local scales. Global
pressures range from climate change,
the interchange of flora and fauna
between biogeographic realms via
invasive species, to the extinction of
species — particularly megafauna at the
apex of food webs [1]. At regional and
local scales, ecosystems suffer impacts
from over-exploitation of living natural
resources through forestry and fishing,
agricultural intensification, widespread
habitat destruction and deterioration,
nutrient enrichment and eutrophication,
as well as pervasive and point-source
pollution. These pressures have
inevitably changed population dynamics,
species assemblages, the structures
of communities, and the functioning of
ecosystems, as well as the delivery of
ecosystem services. Much interest has
focused on regime shifts, where anecosystem undergoes a step change
to another state [1,2]. In particular,
sustained pressure may drive
ecosystems into new states from which
recovery is either extremely slow
(hysteresis [1]) or not possible (alternative
stable state [1]) without major external
perturbations such as active restoration
[2]. In a recent study in Current Biology,
Benedetti-Cecchi et al. [3] have
experimentally induced a regime shift
in an easily manipulated test system —
rocky shores — and evaluated the
metrics proposed for detecting regime
shifts.
Rocky shores provide an ideal setting
for such work. They have been labelled
the ‘‘fruit fly of ecology’’ because of their
ease of experimental manipulation: they
exhibit sharp environmental gradients,
species compete for the definable
resource of space to grow and most
species grow rapidly. Dominantcanopy-forming algae (seaweeds) can
form a mature assemblage after two to
five years, in contrast to the centuries
required for terrestrial forests. Studies
on rocky shores have made major
contributions to general ecological
theory, particularly concerning the role
of keystone predators, competitive
exclusion, positive interactions or
facilitation, disturbance and succession
[4]. Benedetti-Cecchi et al. [3] have
used rocky shores to test the efficacy
of metrics indicating an approaching
regime shift, which can then be
employed in much more complex
systems that are not amenable to
experimental manipulations. On rocky
shores in the Mediterranean and also
in Australia, there has been increasing
evidence of a switch from the
pristine state dominated by large
canopy-forming seaweeds to one
dominated by smaller turf-forming
